Abstract. Ectopic adrenocorticotropic hormone (ACTH) is rarely secreted by neuroendocrine tumors. Although neuroendocrine tumors may occur at any site in the gastrointestinal system, they very rarely occur in the ampulla of Vater and have a poor prognosis. The present study described the first Cushing's syndrome as a result of ectopic ACTH arising from the ampulla of Vater neuroendocrine carcinoma. A 69-year-old female was admitted with clinical features of Cushing's syndrome, confirmed biochemically by hypokalemia, and elevated levels of ACTH and cortisol. In further investigations, a tumor of the ampulla of Vater and liver metastases were detected. Pathological analysis of the biopsy confirmed a neuroendocrine carcinoma, which was immunohistochemically positive for chromogranin A, synaptophysin, cluster of differentiation 56 and ACTH. Therefore, the present study diagnosed a functional and metastatic neuroendocrine carcinoma of the ampulla of Vater with ectopic ACTH production causing Cushing's syndrome. The patient succumbed to mortality 4 months later, despite administration of combined chemotherapy with irinotecan and cisplatin.
Introduction
A neuroendocrine tumor is defined as an epithelial neoplasm that exhibits neuroendocrine differentiation when analyzed by conventional histological, immunohistochemical, ultrastructural and biological evaluations (1) . Neuroendocrine tumors of the ampulla of Vater are extremely rare, accounting for <2% of all ampullary malignancies (2) . Therefore, the natural history of this disease entity remains to be established, and its clinical behavior is unknown. Cushing's syndrome, secondary to ectopic adrenocorticotropic hormone (ACTH) secretion, was first described in 1928 and subsequently reported in association with various neuroendocrine tumors (3) . The most common primary site of these tumors is the lung, followed by the thymus, pancreas and thyroid (4). Cushing's syndrome arising from the ampulla of Vater has not, to the best of our knowledge, been reported previously. The present study reported the first case of ectopic ACTH secretion from a neuroendocrine tumor of the ampulla of Vater. Written informed consent was obtained from the patient's family.
Case report
A 69-year-old female presented with general fatigue and edema of the face and legs lasting for 2 months. The patient had not taken any hormones or drugs, nor had she undergone surgery. Physical examination revealed moon face and leg edema. Other physical examination parameters were normal, including blood pressure. Laboratory parameters revealed hypokalemia, with a serum potassium level of 2.5 mmol/l, and slight hyperglycemia, with a fasting blood glucose level of 154 mg/dl. The level of HbA1c was elevated to 6.5% (normal range, <6%). Further investigations revealed hypercortisolemia and high levels of ACTH and cortisol (98.2 µg/dl and 567.1 pg/ml, respectively). Plasma cortisol levels at 8 a.m. following overnight 1 and 8 mg dexamethasone suppression tests were 100.4 and 111.0 µg/dl, respectively. In view of the high ACTH levels in conjunction with elevated cortisol levels that failed to be suppressed by dexamethasone, the present study diagnosed ectopic ACTH-producing disease. Tumor marker determination revealed increased levels of carcinoembryonic antigen, carbohydrate antigen 19-9 and neuronal-specific enolase (Table I) .
The ultrasonography findings were consistent with multiple liver tumors. Contrast-enhanced computed tomography (CT) revealed periampullary growth (15 mm), dilated common bile duct and main pancreatic duct, masses in both lobes of the liver and hyperplasia of the adrenal glands (Fig. 1A and B) . Magnetic resonance cholangiopancreatography revealed a soft tissue signal shadow located in the ampulla region, associated with dilation of both the common bile duct and main pancreatic duct. An 18 F-flurodeoxyglucose positron emission tomography-CT scan demonstrated an intense uptake of the radiotracer corresponding to the ampulla of Vater, multiple liver deposits and both adrenal glands, however not in any other sites. Head CT revealed no tumor.
The upper gastrointestinal endoscopy revealed a macroscopic ulceration-like lesion at the duodenal papilla (Fig. 1C ). Biopsies were obtained from the ampullary mass, which was histologically confirmed as a poorly differentiated neuroendocrine tumor. Immunohistochemical staining was positive for chromogranin A, synaptophysin and cluster of differentiation (CD)56 (Fig. 2) . The mitotic rate was 24/10 high-power fields (HPFs) and the Ki-67 index was 80%. A neuroendocrine tumor G3 or neuroendocrine carcinoma was diagnosed, according to the World Health Organization classification. In addition, immunohistochemical staining for ACTH was positive, indicating that the tumor produced ACTH. Therefore, the present study finally diagnosed a functional and metastatic neuroendocrine carcinoma of the ampulla of Vater with ectopic ACTH production causing Cushing's syndrome. Chemotherapy with irinotecan (60 mg/m 2 , days 1, 8 and 15) and cisplatin (60 mg/m 2 , day 1) on a 28-day cycle were administered, and also administered mitotane (3 g/day) pre-chemotherapy to control the hypercortisolemic state. However, the hematotoxicity worsened to grade 4 after day 1 administration of the first cycle, and therefore, chemotherapy had to be discontinued. Nevertheless, 1 month later, the patient had a partial response and exhibited improvement on imaging findings and reduced levels of ACTH, cortisol and tumor markers. However, the tumor subsequently regrew and the patient succumbed to liver failure caused by multiple hepatic metastases 4 months after the diagnosis.
Discussion
Although neuroendocrine tumors, initially assessed as carcinoid tumors, were first described >100 years ago, these tumors still raise many issues regarding their classification, prognosis and optimum therapeutic approach (5). According to the World Health Organization classification in 2010, neuroendocrine neoplasms in the digestive system are categorized as neuroendocrine tumors (NET) G1 (carcinoid, mitotic count of <2/10 HPF and/or Ki67 index ≤2%), NET G2 (mitotic count of 2-20/10 HPF and/or Ki67 index of 3-20%) and NET G3 (neuroendocrine carcinoma, mitotic count of >20/10 HPF and/or Ki67 index >20%) (6) . Neuroendocrine tumors rarely arise at the ampulla of Vater, accounting for only 0.05% of all neuroendocrine tumor types. Its clinical presentation consists of jaundice (53.1%), abdominal pain (24.6%), pancreatitis (6.0%) and weight loss (3.6%) (7) . Almost all neuroendocrine tumors of the ampulla are non-functional tumors and <3% of patients with these tumors have hormonal hypersecretion syndrome (8) . However, no report of ectopic ACTH secretion associated with neuroendocrine carcinoma of the ampulla of Vater has been published.
Cushing's syndrome, due to ectopic ACTH secretion, occurs in around 5-10% of all cases of ACTH-dependent hypercortisolism (9) . These inappropriately high levels of ACTH are secreted by various types of tumor, including neuroendocrine tumors, islet cell tumors, small cell lung carcinomas and medullary thyroid cancers. Clinical features of ectopic ACTH syndrome depend on the source of production and rate of ACTH synthesis. Well-defined changes in Cushingoid body habitus are noticed in slow-growing tumors, whereas rapidly growing tumors, including that observed in the present patient, typically produce a profound and sudden onset of symptoms. Hypokalemia occurs in 80% of reported cases, including the present patient, and several reports showed that it is more severe compared with that in Cushing's disease (10) . The more intensive hypokalemia in ectopic ACTH syndrome can be explained by the mineralocorticoid effect of cortisol, the level of which tends to be higher in this syndrome compared with in Cushing's disease (11) .
The mortality and morbidity associated with Cushing's syndrome is associated with the production of excess cortisol. Hypercortisolism results in multiple medical problems, including hypertension, obesity, osteoporosis, fractures, impaired wound healing, infectious diseases, glucose intolerance and psychosis. A previous study indicated that lowering cortisol levels prior to attempting curative treatments (surgery or chemotherapy) may reduce the mortality and morbidity associated with Cushing's syndrome and, in particular, reduce the rates of opportunistic infections (12) . Therefore, adrenal blocking agents, including metyrapone or mitotane, may be used to treat hypercortisolemia. In certain patients with hormonal hypersecretion, extensive debulking surgery must be considered even in the presence of distant metastasis (13) . However, the present patient had multiple large liver metastatic deposits and therefore, surgery was not deemed an option.
The treatment for neuroendocrine tumors of the ampulla of Vater remains controversial since they are rare tumors with unpredictable biological behavior and prognosis (13) . Pancreaticoduodenectomy or local excision has been used for these tumors of all sizes with no distant spread (14, 15) . Although generally more indolent compared with carcinomas, once they progress beyond surgical resectability, they are essentially incurable. Therefore, systemic treatment options for the management of advanced disease have expanded substantially in recent years. Not only distant metastasis, but also tumor grade are important prognostic factors for survival in patients with neuroendocrine tumors of the ampulla of Vater (14) . Low-grade tumors show 5-and 10-year survival rates of 80 and 71%, respectively, whereas high-grade neuroendocrine tumors have dismal 5-and 10-year survival rates (15%) (7) . Due to the paucity of reported cases of neuroendocrine carcinoma, no standardized chemotherapy exists for this tumor type. Chemotherapeutic regimens, including cisplatin, irinotecan, etoposide, doxorubicin and vincristine have been reported. Large-scale retrospective analyses of advanced gastrointestinal and pancreatic neuroendocrine carcinoma by a Japanese group demonstrated that irinotecan plus cisplatin and etoposide plus cisplatin are the most commonly used regimens (16) .
In conclusion, this is the first report, to the best of our knowledge, describing neuroendocrine carcinoma of the ampulla of Vater responsible for ectopic production and secretion of ACTH and resulting in Cushing's syndrome. Further data and therapies, particularly effective adjuvant chemotherapies, are urgently required to improve the survival rates of patients with neuroendocrine tumors of the ampulla of Vater, a rare but aggressive tumor.
